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ABSTRACT 
 
 
In 1977, Shirakawa and coworkers discovered the first conductive polymers. 
Their conductive polymers have been extensively studied. Though some of these first 
conductive polymers such as polyactelyne seemed to be a promising organic 
conductor, the commercial applications of these polymers were severely limited due 
the polymer’s highly air-sensitive nature.  Thus, the current focus has shifted towards 
the development of heterocyclic aromatic polymers which are air-stable and have a 
low band gap.  Expanding of the work of Snyder and Selegue, the focus of my 
research has been the incorporation of rhenium metal into an organic compound in an 
on-metal fashion.  Several aryl-substituted 5,6-fused ring pyridazines have been 
synthesized and characterized. The on-metal process synthesized the final product of 
[Re(CO)3{η5-1,2-C5H5(CRN)(CRN)}] where R is Ph.  Characterization of the final 
product is reported here within.  
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CHAPTER I 
 
 
INTRODUCTION TO CONDUCTIVITY 
 
 
 
The movement of electrically charged particles through a medium constitutes 
a current.  A material’s ability to conduct a current is dependent upon the 
electrochemical properties of that material.  Electrochemical properties are justified 
through molecular orbital band theory, which describes the energy gap in relation to 
the valence band and the conduction band of a given material.1  
 As the difference shrinks between the conduction band and the valence band, 
the material behaves more like a metal.2 Conversely, as conductivity decreases 
materials begins to behave as an insulator.  For example, a diamond is comprised of 
covalent crystals that posses completely filled valence orbital.  As a result, a diamond 
exhibits a large band gap that is unable to be overcome by electrons that must flow 
from the valence band to the conduction band. Therefore, a diamond would be 
classified as an insulator.  
A band gap is defined as an energy range where no electron can exist.  In the 
case of semiconductors, the term band gap refers to the energy difference between the 
top of the valence band and the bottom of the conduction band.3  Figure 1.1 dictates a 
material’s band structure.  
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Though band gap is directly related to the material’s chemical properties, the size of 
the band gap is dependent upon environmental factors such as temperature and 
pressure, as well.4 
In a semiconductor, electrons are bound to an energy band.  Electrons are able 
to overcome their current state by jumping to a higher energy state.  The increase in 
energy state requires a material specific minimum amount of energy.  The absorption 
of heat through a phonon or the absorption of energy through a photon can facilitate 
this process. 
The greater the band gap size, the less likely materials will have the 
characteristics of a semiconductor. Though exact values vary when the band gap of a 
material is less than 3 eV, the material is considered a semiconductor.5  The 
relationship between the band gap of a metal, semiconductor, and insulator in respect 
to band gap distance is depicted in Figure 1.2.   
Traditionally, semiconductor material has been composed of metal alloys. 
Currently, most semiconductors are compromised of a silicon base coupled with an 
impurity that will achieve the product desired effects.6  In 1977, the traditional 
inorganic model was challenged when Shirakawa and coworkers were able to 
synthesize the first conducting organic polymer, polyactylene.7   
Polymers have traditionally been thought of as good insulators.  For example, 
plastic, a common polymer, possess a large band gap.  Therefore, the large band gap 
inhibits transfer energy from the conduction and valence band. Thus, plastic is 
classified as an insulator.  
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Figure 1.2 Band Gap in relation to classification type 
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Yet, Shirakawa and coworkers found that through exposure of certain polymers to an 
oxidizing or reducing agents allowed for conductivity to be achieved.  
Conducting polymers have been the major focus of research since conducting 
polymers are more cost-efficient and require less stringent synthetic conditions than 
their inorganic counterparts.8 Although conducting polymers incorporate various 
structural units, all conducting polymers contain a conjugated pi-electron system 
throughout the chain. Therefore, a continuous electron density is delocalized over the 
entire polymer based upon the free interconversion resonance forms.9 The 
delocalization aids in the transfer of energy throughout the entire polymer system.  
While polyacetylene was the first conducting polymer, numerous limitations 
are associated with this linear polymer.  Polyacetylene and other linear polymers are 
brittle and show poor environmental stability.10 Therefore, a current focus within 
conducting polymers field is that of heterocyclic aromatic polymers, such as 
polythiophene and polypyrrole.  The positive charge of the p-doped polymer is 
stabilized by the lone pairs of the heteroatoms leading to increased environmental 
stability.11  One limitation on the integration of polyheterocycles into electronic 
materials is their solubility.  To increase their solubility, alkyl chains and other 
organic substituents have been synthesized. Other additions of subsituents such as 
polyalkyl and polyether increased the polymers conductivity by promoting structural 
regularity.12 
Wudl and coworkers made a remarkable discovery when synthesizing 
poly(isothianaphthene) (PITN) that incorporated a thiophene with a fused, six-
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membered ring.  PITN shows a band gap around 1 eV which is around half that of the 
polythiophene. The increased conductivity of PITN is associated with the resonance 
stability of PITN.13  The discovery of PITN motivated the development of polymers 
that incorporated fused rings and wide variety of structural variations.  These 
additional rings structures added to the base unit increased both the tunability and 
stability of the molecule.  
Conducting polymers incorporating transition metals could have the 
application as semiconductor material. Organometallic conducting polymers display 
environmental stability as well as unique reduction-oxidation properties due to the 
presence of the metal center. The transition metal allows the polymer to be reversibly 
doped and undoped by using the metal’s electrochemical properties.14 Organometallic 
polymers can be classified based upon the arrangement of the metal center relative to 
the polymer backbone. Based on the placement of the metal and the interactions 
within the polymer, three types of metal-containing polymers exist   
Selegue and coworkers have been particularly interested in fused-ring 
thiophene and pyrroles incorporating Group VI through Group IX transition metals 
bound in a pi fashion through the ring portion.  Furthermore, the Selegue and 
coworkers have focused on the η5 coordination through the fused cyclopentadienyl 
ring.15   The Snyder group has expanded on the research conducted by Synder and 
Selegue concerning manganese with the exploration of another Group VII transition 
metal, rhenium. 
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Rhenium is an ideal candidate for integration into an organametallic polymer 
system since rhenium can span eleven oxidation states.  The carbonyl (CO) ligand 
dominates the chemistry of the lower oxidation states (Re –III to Re II). Carbonyl 
ligand’s donor qualities based on balanced σ donation (through 5σ) and π acceptance 
(through 2π) makes the carbonyl ligand an ideal candidate for incorporation into an 
organometallic system. The Snyder group is involved in the development of both on-
metal and off-metal synthetic routes for the development of organorhenium 
compounds. The research reported will focus on the on-metal synthesis of                                           
[Re(CO)3{η5-1,2-C5H5(CRN)(CRN)}] where R is Ph or Tp.  
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CHAPTER II 
EXPERIMENTAL 
 
Reactions were carried out by using standard organic synthetic techniques 
under air unless otherwise noted.  CDCl3 (Cambridge Isotopes) were used without 
further purification.  1,2-C5H3(COHPh)(COPh) (1), 1,2-C5H3(COHTp)(COTp) (2),  
[Tl 1,2-C5H3(COHPh)(COPh)] (3), [Tl 1,2-C5H3(COHTp)(COTp)] (4) were prepared 
according to literature methods.  Butyl lithium, methanol, ethyl ether, THF, benzoyl 
chloride, thionyl chloride, hydrazine hydrate (Sigma Aldrich), thallium ethoxide (I), 
rhenium pentacarboynl bromide (STREM), dicyclopentadiene (Fluka) were used 
without further purification.  Benzene was dried over sodium benzophenone ketyl. 
1H and 13C NMR spectra were recorded on a JOEL-500MHz spectrometer at 
ca. 22oC and were referenced to residual solvent peaks.  All 13C NMR spectra listed 
were decoupled.  Infrared spectra were recorded on a PerkinElmer Spectrum One FT-
IR Spectrometer.  Electron ionization (EI) mass spectra were recorded at 70 eV on a 
Varian Saturn GC/MS.  Melting points were taken on a standard MEL-TEMP II 
apparatus.   
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Synthesis of 1,2-C5H3(COHPh)(COPh) (1). 
 Preparation of 1,2-C5H3(CPhOH)(COPh) has been previously synthesized by 
Linn and Sharkey.ref  The procedure has been slightly altered.  Freshly cracked 
cyclopentadiene (5.04 g, 628 mL, 77.5 mmol) was added dropwise to a cooled 
solution (0oC) of butyllithium (32.0 mL of 2.50 M, 80.0 mmol) in dry ethyl ether (75 
mL).  A white precipitate of cyclopentadienyllithium was formed.  The solution was 
stirred for 15 minutes and benzoyl chloride (7.05 g, 5.82 mL, 50.0 mmol) was added 
dropwise.  A bright yellow color formed immediately.  Solution stirred for 45 minutes 
at room temperature.  The reaction was then hydrolyzed with 3% acetic acid (20 mL).  
The ether layer was separated, and the aqueous layer was extracted with ethyl ether (3 
x 50 mL).  The combined ether extracts were dried (Na2SO4) and the solvent was 
removed under reduced pressure leaving a yellow product.  Recrystallization from 
methanol yielded an yellow solid (3.19 g, 0.0120 mol, 63.4%).  M.P. = 94-96oC.  1H 
NMR (500 MHz, CDCl3, ppm): δ6.50 (t, 1H, 3J = 4.0 Hz, CHCHCH), 7.28 (d, 2H, 
3J = 4.0 Hz, CHCHCH), 7.50-7.81 (m, 10H, Ph), 18.52 (s, 1H, OH).  13C NMR (500 
MHz, CDCl3, ppm): δ 123.1 (CHCHCH), 124.5 (CCO), 137.7 (CHCHCH), 128.3, 
129.8, 131.5, 137.8, 141.8 (Ph), 185.5 (CO).  IR (KBr, cm-1) 1538, 1403 (CO).  Lit. 
13
  M.P. = 102-103oC.  1H NMR (200 MHz, CCl4, ppm): δ6.35 (t, 1H,  CHCHCH), 
7.15 (d, 2H, CHCHCH), 7.25-7.9 (m, 10H, Ph), 18.45 (s, 1H, OH).  
Preparation of [TI{1,2-C5H3(COPh)2}] (2). 
 Thallium (I) ethoxide (0.160 mL, 570 mg, 2.30 mmol) was added to a solution 
of 1,2-C5H3(COHPh)(COPh) (481 mg, 2.06 mmol)  in THF (30 mL).  A bright yellow 
solid precipitated immediately.  The solution was stirred for 3 hours.  The precipitate 
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was filtered and washed with cold ethyl ether (5 mL) affording [TI{1,2-
C5H3(COPh)2}] (2) as a bright yellow, air-stable powder (0.749 mg, 1.57 mmol, 
89.1%).  M.P. 140-160oC (dec.)  IR (KBr, cm-1) 1497 (CO), 1351 (vs).   
Synthesis of [Re(CO)3{η5-1,2-C5H3(COPh)2}] (3). 
 To a 100 mL round bottom flask, [ReBr(CO)5] (201 mg, 0.495 mmol) was 
added to a stirred solution of [TI{1,2-C5-H3(COPh)2}] (2) (236 mg, 0.495 mmol) in 
dry benzene (40 mL).  The solution was allowed to reflux for 6 hours and changed 
from a yellow solution to an orange.  The reaction was cooled and eluted through a 
thin pad of Celite and the volatiles were removed in vacuo.  The product was 
triturated with hot hexanes and filtered to give [Re(CO)3{η5-1,2-C5H3(COPh)2}] (3) 
(0.172 mg, 0.316 mmol, 74.8%) as an orange powder.  Mp: 116-118oC.  1H NMR 
(500 MHz, C6D6, ppm):  δ 4.13 (t, 1H, 3J = 2.85 Hz, CHCHCH), 4.85 (d, 2H, 3J = 
2.85 Hz, CHCHCH), 6.82-7.56 (m, 10H, Ph).  13C NMR (500 MHz, C6D6, ppm): δ 
81.5 (CHCHCH), 88.3 (CHCHCH), 103.1 (CC), 127.5, 128.3, 132.8, 136.4 (Ar), 
187.2 (PhCO) 191.5 (ReCO).  IR (KBr, cm-1):  1652 (C=O), 2030, 1930, (ReCO).   
Synthesis of [Re(CO)3 {η5-1,2-C5H3(CPhN)(CPhN)}] (4). 
 To a 100 mL round bottom flask, [Re(CO)3{η5-1,2-C5H3(COPh)2}] (160 mg, 
0.294 mmol) was added to a solution of hydrazine hydrate (1.00 mL, 1.03 g, 20.6 
mmol) in methanol (30 mL).  The solution stirred overnight.  The solution changed 
from a light orange to deep orange within an hour.  After 24 hrs water (15 mL) was 
added to the reaction mixture, and a cloudy orange solution precipitated.  The 
aqueous suspension was filtered, then washed with ethyl ether (3 x 30 mL) and the 
ether layers were collected and dried (MgSO4).  The volatiles were removed in vacuo 
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and the crude product was triturated with cold pentane to give [Re(CO)3 1,2-
C5H3(CPhN)(CPhN)] (58.0 mg, 0.101 mmol 36.0%) as a light brown powder.  Mp: 
130-155oC. 1H NMR (200 MHz, CDCl3, ppm): δ 5.36 (m, 1H, CHCHCH), 5.56 (m, 
2H, CHCHCH), 7.53-7.56 (m, 6H, Ar), 7.93-8.02 (m, 4H, Ar).  13C NMR (50 MHz, 
CDCl3, ppm): δ 74.2 (CHCHCH), 109.2 (CHCHCH), 120.6 (CC), 128.7, 129.2, 
130.2, 147.2 (Ar), 157.6 (CN), 221.9 (CO).  IR (KBr, cm-1): 2023, 1898 (CO).   
Synthesis of 1,2-C5H3(CTpOH)(COTp) (5). 
Freshly cracked cyclopentadiene (5.04g, 6.28 mL, 77.5 mmol) was added 
dropwise to a cooled solution (0 °C) of n-butyllithium (34.0 mL of 2.50 M, 80.0 
mmol) in ethyl ether (150 mL).  A white precipitate of cyclopentadienyllithium was 
formed immediately.  The solution stirred for 15 minutes and 2-thiophenecarbonyl 
chloride (5.34 g, 5.34 mL, 50.0 mmol) was added dropwise.  The solution turned 
orange immediately.  The solution stirred for one hour at room temperature.  The 
reaction was hydrolyzed with 3% acetic acid (70 mL).  The organic layer was 
separated, and the aqueous layer was extracted twice more with ethyl ether (3 x 40 
mL).  The combined diethyl ether extracts were dried (NaSO4) and removed via 
rotary evaporation to yield a brown solid (1.22 g, 4.25 mmol, 16.6 %).   M.P. 97-102 
oC. 1H NMR (500 MHz, CDCl3, ppm):  δ 6.55 (brs, 1H, CHCHCH), 7.42 (brs, 2H, 
CHCHCH), 7.68-7.84 (m, 3H, Tp).  13C NMR (500 MHz, CDCl3, ppm): δ 123.2 
(CHCHCH), 124.0 (CCO), 133.9 (CHCHCH), 127.9, 132.6, 139.3, 140.9 (Tp), 176.4 
(CO)  IR (KBr, cm-1):  1696 (CO), 2956 (CH).  
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Synthesis of [Tl{1,2-C5H3(COTp)2}] (6). 
 To a 100 mL round bottom flask thallium (I) ethoxide (1.05g, 0.300 mL, 4.20 
mmol) was added via syringe to a stirred solution of 1,2-C5H3(COTp)2 (5) (1.00 g, 
3.50 mmol) in THF (30 mL).  A yellow precipitate formed immediately.  The 
suspension was allowed to stir for 2 hours at room temperature.  The precipitate was 
filtered and the crude product was washed with cold ethyl ether to give [Tl{1,2-
C5H3(COTp)2] (6), then washed with hexane, filtrated and yielded a yellow solid 
(0.998 mg, 2.03 mmol, 99.7%).  M.P. 180-200 oC (dec).  IR (KBr, cm-1): 1575 (CO). 
Synthesis of [Re(CO)3{η5-1,2-C5H3(COTp)2}] (7). 
 To a 100 mL round bottom flask, [ReBr(CO)5] (200 mg, 0.495 mmol) was 
added to a stirred solution of [Tl{1,2-C5-H3(COTp)2] (6) (236 mg, 0.495 mmol) in 
benzene (40 mL).  The solution was allowed to reflux for 6 hours and changed from a 
yellow solution to an orange.  The reaction was cooled and eluted through a thin pad 
of Celite and the volatiles were removed in vacuo.  The product was triturated with 
cold hexanes and filtered to give [Re(CO)3{η5-1,2-C5H3(COTp)2}] (7) (0.160 mg, 
.287 mmol, 80.0%) as an orange powder.  Mp. 142-158oC.  1H NMR (500 MHz, 
C6D6, ppm):  δ 5.40 (brs, 1H, CHCHCH), 6.00 (brs, 2H, CHCHCH), 7.11-7.81 (m, 
6H, Tp).  13C NMR (500 MHz, C6D6, ppm): δ 81.2 (CHCHCH), 89.1 (CHCHCH), 
105.1 (CC), 128.4, 130.2, 134.1, 135.0 (Tp), 179.6 (TpCO), 191.1 (ReCO).  IR (KBr, 
cm-1):  2029, 1930, (CO).   
Attempted Synthesis of [Re(CO)3 {η5-1,2-C5H3(CTpN)(CTpN)}] (8)  
13 
 
 To a 100 mL round bottom flask, [Re(CO)3{η5-1,2-C5H3(COTp)2}] (7) (160 
mg, 0.288 mmol) was added to a solution of hydrazine hydrate (1.00 mL, 1.03 g, 20.6 
mmol) in methanol (30 mL).  The solution stirred overnight.  The solution changed 
from a light orange to deep orange within an hour.  After 24 hrs water (15 mL) was 
added to the reaction mixture, and a cloudy orange solution precipitated.  The 
aqueous suspension was filtered, then washed with ethyl ether (3 x 30 mL) and the 
ether layers were collected and dried (MgSO4).  The volatiles were removed in vacuo 
and the crude product was triturated with cold pentane to give [Re(CO)3 {η5-1,2-
C5H3(CTpN)(CTpN)}] (8) as a light brown powder.  1H and 13C NMR spectroscopy 
did not confirm the structure of 8.
14 
 
 
CHAPTER III 
 RESULTS AND DISCUSSION 
 
Freshly cracked cyclopentadieine was added to a solution of cold butyl 
lithium in diethyl ether produced lithium salt.  An acid chloride, benzoyl chloride, 
was added to the solution resulting in the formation of fulvene 1, while the addition of 
2-thiophene resulted in the formation of fulvene 5.  The percent yield for fulvene 1 
was 63.4% and the percent yield for fulvene 5 was 16.6%. The melting point for 
fulvene 1 was found to be 94-96 oC, while the melting point of fulvene 5 was found to 
be 97-102 oC.  Infrared spectroscopy showed a wavenumbers at 1403 and 1538 cm-1 
(CO) for the fulvene 1 and a 1696 cm-1 (CO) for the fulvene 5.  13C NMR 
spectroscopy showed a carbonyl at δ 185.5 (CO) and δ 176.4 (CO) for fulvene 1 and 
5, respectively.  1H NMR spectroscopy for both fulvenes confirmed the fulvene 
structure.  Cyclopentadiene signals were seen at δ 6.50 (t, 1H, 3J = 4.0 Hz, 
CHCHCH), and δ 7.28 (d, 2H, 3J = 4.0 Hz, CHCHCH), for the fulvene 1.  Fulvene 
5’s cyclopentadiene signals were observed at δ 6.55 (t, 1H, CHCHCH), and δ 7.42 (d, 
2H, CHCHCH).  
Thallium ethoxide was added to both fulvene 1 and fulvene 5 in dry THF 
resulting in the formation of thallium salt 2 and thallium salt 6.  The percent yield for 
15 
 
thallium salt 2 was 89.1% and the percent yield for thallium salt 6 in 96.6%.  Infrared  
spectroscopy showed a wave numbers at 1497 cm-1 (CO) for the thallium salt and a 
wave number at 1574 cm-1 (CO) for the thallium salt 6.  The thallium salt was 
insoluble in all NMR solvents thus no 1H and 13C NMR spectroscopy data could be 
collected.   
Rhenium pentacarbonyl bromide was added to the thallium salts in dry 
benzene forming rhenium complex 3 and rhenium complex 7.  The solution was 
allowed to reflux for six hours.  The percent yield for rhenium complex 3 was 74.9%, 
while the percent yield for rhenium complex 7 was 80.0%.  Infrared spectroscopy 
wavenumbers at 2030, 1930 cm-1 (ReCO) for rhenium complex 3 and 2029, 1930 cm-
1
 (ReCO) for rhenium complex 7.  13C NMR spectroscopy showed signals at δ 187.2 
(PhCO), δ 191.5 (ReCO) for rhenium complex 3 and δ 179.6 (TpCO), δ 191.1 
(ReCO) for the rhenium complex 7. 1H NMR spectroscopy showed cyclopentadiene 
signals at δ 4.13 (t, 1H, 3J = 2.85 Hz, CHCHCH), and δ 4.85 (d, 2H, 3J = 2.85 Hz, 
CHCHCH) for rhenium complex 3. Cyclopentadiene signals were seen at δ 5.40 (t, 
1H, CHCHCH), and δ 6.00 (d, 2H, CHCHCH) for rhenium complex 7.  
A hydrazine hydrate was added to rhenium complex 3 at room temperature 
resulting in the formation of pyridazine complex 4.   The  percent yield was 42.2%. 
for the complex.  The percent yield was 42.2% for complex 4.  IR spectroscopy 
showed wave numbers at 2030, 1898 cm-1 (ReCO) for pyridazine complex 4.  1H 
16 
 
NMR spectroscopy showed the cyclopentadiene signals at δ 5.36 (m, 1H, CHCHCH), 
and δ 5.56 (m, 2H, CHCHCH) for the pyridazines complex
17 
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Scheme 3.1.  Synthesis route for [Re(CO)3 {η5-1,2-C5H3(CRN)(CRN)}]. 
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Scheme 3.2 A. Retro Diels-Alder reaction followed by deprotonation via n-butyl 
lithium B. 1,2-addition using acid chlorides 
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Table 3.1 Selected characterization data of fulvene compounds 1 and 5. 
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Figure 3.1 IR spectroscopy of fulvene 1. 
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Figure 3.2 IR spectroscopy of fulvene 5. 
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Figure 3.3 1H NMR spectroscopy of fulvene 1. 
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Figure 3.4 1H NMR spectroscopy of fulvene 5. 
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Figure 3.5 13C NMR Spectroscopy of fulvene 1. 
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Figure 3.6 13C NMR spectroscopy of fulvene 5. 
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Scheme 3.3  A. Keto-Enol Tautomerism Mechanism B. Addition of thallium 
ethoxide mechanism. 
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Table 3.2 Selected characterization table for thallium salts 2 and 6. 
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Figure 3.7 IR spectroscopy for thallium salt 2. 
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Figure 3.8 IR spectroscopy of thallium salt 6. 
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Scheme 3.4 Synthesis route rhenium complexes 3 and 7. 
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Table 3.3 Selected characterization data for rhenium complexes 3 and 7. 
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Figure 3.9 IR spectra for rhenium complex 3. 
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Figure 3.10 IR spectroscopy of rhenium complex 7. 
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Figure 3.11 13C NMR spectroscopy of rhenium complex 3. 
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Figure 3.12 13C NMR Spectroscopy of rhenium complex 7. 
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Figure 3.13 1H NMR spectroscopy of rhenium complex 3. 
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Figure 3.14 1H NMR spectroscopy of rhenium complex 7. 
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Scheme 3.5 Synthesis route of pyridazine complex 4 and 8. 
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Table 3.4 Selected characterization data of pyridazine complexes 4 and 8. 
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Figure 3.15 
 
IR spectroscopy of pyridazine complex 4. 
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Figure 3.16 1H NMR spectra of pyridazine complex 4. 
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CHAPTER IV 
CONCLUSION 
 
The synthesis of pyridizayl rhenium complex [Re(CO)3 {η5-1,2-
C5H3(CNPh)(CNPh)}] was achieved through a synthetic route that incorporated both 
organic and organometallic reactions.  The attempts to make the thionyl substituted 
product led to the synthesis of diacyl complex [Re(CO)3{η5-1,2-C5H3(COTp)2}], (7).   
The percent yields varied greatly throughout the experiment.  The formation of 
the fulvene 1 resulted in a percent yield of 63.4%, while the formation of fulvene 5 
resulted in a percent yield of 16.6%.  The percent yield for the thallium salts were 
relatively high.  The percent yields were 89.1% and 96.6% for thallium salt 2 and 
thallium salt 6.   The percent yields for the rhenium complexes were good. Rhenium 
complexes 3 and rhenium complex 7 percent yields were 74.9% and 80.0%, respectively.  
The percent yield of pyridizayl complex 4 was 42.2%.  This low percent yield confirms 
the difficulty of the ring closure process.  
 
1H NMR confirmed the presence of the cyclopentadiene and its substituents on 
compounds 1-7.  Also, 13C NMR confirmed the presence of the dicarbonyls and the 
rhenium tricarbonyls for compounds 1-7. Infrared spectroscopy confirmed the presence 
of the dicarbonyls ranging from 1403-1652cm-1 for compounds 1-4 and 1574-1696 cm-1 
for compounds 5-7.  Also, infrared spectroscopy proved the presence of the rhenium 
43 
 
tricarbonyls by having wavenumbers ranging from1898-1930 cm-1, and 2030 cm-1 for 
both rhenium compounds 3 and the pyridizal complex 4.  Finally, infrared spectroscopy 
confirmed the presence of the rhenium tricarbonyls with a wavenumber at 1930 cm-1 and 
2029 cm-1 for compound 7. Attempts to make pyrdizayl complex 8 were unsuccessful. 
The difficulties of the on-metal synthesis process were seen in this experiment. 
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